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Abstract 

Recently, striatal-enriched protein tyrosine phosphatase (STEP) and its upstream regulator protein kinase A (PKA) have been 
suspected to play a role in the intracellular mechanisms of fear conditioning and spatial memory. However, whether they 
contribute to the learning and memory of motor skills is totally unknown. In this study, we have investigated the role of 
STEP and PKA activities during motor skill learning associated with the accelerating rotarod task. We observed that learning 
the rotarod task differentially modulated the levels of phosphorylated STEP61 at serine 221, a site directly regulated by PKA, 
in the hippocampus, motor cortex and striatum. In a second set of experiments, we have pharmacologically inhibited PKA 
by the injection of Rp-cAMPS directly into the dorsal striatum of mice before rotarod trainings. PKA phosphorylation of STEP 
prevents the dephosphorylation of STEP substrates, whereas inhibition of PKA promotes STEP activity. Striatal PKA 
inhibitions dose-dependently impaired mice performances on the accelerating rotarod task. General motor abilities testing 
revealed an intact motor control in mice treated with 5 and 20 |xg of Rp-cAMPS, but not at the highest dose of 40 u,g. This 
suggested that motor learning was selectively affected by PKA inhibition at lower doses. Most notably, striatal inhibition of 
PKA reduced the levels of phosphorylated STEP61 at serine 221. Our data support that inactivation of STEP61 by the PKA 
activity is part of the molecular process associated with motor skill learning. 
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Introduction 

Motor skill learning refers to the process by which a complex 
movement sequence is encoded in the brain. Once memorised, a 
common task is performed without effort and is quickly executed 
despite a prolonged period of time without practice. The learning 
process associated with the acquisition of motor skills involves two 
stages (fast and slow learning stages) and brain areas including 
striatum, cerebellum, hippocampus and motor cortices regions 
[1,2]. Undeniably, motor learning processes are mediated by 
specific brain molecular changes. For instance, it has been 
demonstrated that motor skill learning induces novel expressions 
of important genes and proteins in the striatum and motor cortex 
[3-7] . However, only few studies have investigated motor learning 
at the level of proteins activity [6,8-1 1]. Additional investigations 
are definitely required to understand the molecular determinant of 
this type of learning. 

Striatal-enriched protein tyrosine phosphatase of 61 kDa 
(STEP61) is brain-specific. It is expressed in brain area involved 
in motor learning that include the striatum, hippocampus and 
cortex [12-14]. It has been demonstrated in vitro that STEP61 
activity is negatively regulated by protein kinase A (PKA). For 
instance, it is well accepted that PKA phosphorylation at the 
conserved serine residue 221 (Ser221) of STEP61 induced a 
reduction in STEP61 activity [15]. PKA is a ubiquitously 
expressed kinase that has been documented to play an important 
role in the synaptic plasticity of learning and memory [16,17]. 



Behavioral experiments demonstrate that intra-amygdala or intra- 
hippocampal pharmacological inhibition of PKA interfere respec- 
tively with fear conditioning consolidation [18] and spatial 
memory in a Morris water maze [19]. Transgenic mice expressing 
a dominant negative form of the regulatory subunit of PKA exhibit 
impaired spatial memory and long term memory for contextual 
fear conditioning [20,21]. It has also been demonstrated that 
STEP contributes to fear and spatial memories through the 
regulation of neuronal signaling [22-24]. Although STEP and 
PKA are implicated in spatial memory and fear conditioning 
consolidation; their role in motor skill learning is still uncovered. 

The present study investigates the involvement of STEP and its 
relationship with PKA in motor skill learning processes associated 
with the accelerating rotarod task in mice. Our finding reveals that 
the levels of phosphorylated STEP6 1 are differentially modulated 
in the brain of mice during motor skill learning. Furthermore, in 
the dorsal striatum structure, we demonstrate that PKA activity 
influences the phosphorylation levels of STEP61 at Ser221 
residue, and directly contributes to the acquisition of a complex 
motor task. 

Materials and Methods 

Ethics Statement 

All experimental procedures were reviewed and approved by 
the UQTR Committee on Animal Care (Protocol Number: 2012- 
MIC.17), and were in accordance with ethical standards of the 
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Canadian Council on Animal Care. Full efforts were made to 
minimize suffering and discomfort of the animals. 

Animals 

Male C57bl/6j mice (12 weeks-old) were obtained from Charles 
River (St-Constant, QC, Canada). Mice were housed in a climate- 
controlled room (14-h light/ 10-h dark cycle) with food and water 
available ad libitum. 

Experimental Design 

In order to determine the level of STEP phosphorylation during 
motor skill learning a cohort of drug naive mice were trained on 
the accelerating rotarod and sacrificed immediately after the end 
of the last trial at each day of training (Figure 1A). Brain of 
trained (n = 4 mice/ training day) and untrained mice [n = 4) were 
removed, carefully dissected, rapidly frozen on dried ice and 
preserved at — 80°C until western blot analysis To examine the 
role of PKA, Rp-cAMPS or vehicle (saline) were injected direcdy 
into both hemisphere of the dorsal striatum, 1 5 minutes prior to 
the first trial of each training days, in an independent cohort of 
mice (Figure IB). The following group of mice were included: (1) 
vehicle-treated mice (control, n = 7), (2) Rp-cAMPS-treated mice 
at dose 5 |UVg/ side (n = 4), (3) Rp-cAMPS-treated mice at dose 
20 ug/side (n = 4) and (4) Rp-cAMPS-treated mice at dose 40 \Xg/ 
side (n = 4). At the last rotarod training session, the pole, wire 
suspension and stepping tests were performed in all mice to test 
their motor abilities. To determine whether PKA mediate STEP 
phosphorylation in the striatum of trained mice, levels of STEP 
phosphorylation after Rp-cAMPS injections were measured in a 
third independent cohort of mice after two days of training. Mice 
received intrastriatal injections of vehicle (« = 4) or 20 |J.g/side of 
Rp-cAMPS (n = 4), 15 min prior to the first trial of each rotarod 
training day. Mice were sacrificed immediately after the last trial of 
the second training day. Brain were removed, rapidly frozen on 
dried ice and preserved at — 80°C. A fourth cohort of mice was 
used to assess motor coordination on the rotarod following PKA 
inhibition (Figure 1C). Drug-naive mice were trained on the 
accelerating rotarod during four consecutive days where perfor- 
mances reached a plateau, meaning the mice had fully learned the 
task. The day after, at their fifth day of training, mice received 
vehicle (« = 4), 20 u,g/side (n = 4) or 40 |0,g/side (« = 4) of Rp- 
cAMPS directly into the dorsal striatum, 15 minutes prior to the 
first rotarod trial. 

Pharmacological Treatments 

The PKA inhibitor Rp-cAMPS was purchased from Tocris 
Bioscience (Bristol, United Kingdom). Rp-cAMPS or vehicle 
(saline) was administered bilaterally into the dorsal striatum, 
1 5 min before the first rotarod trial. Rp-cAMPS at the dose of 5, 
20 or 40 (ig in 1 |il/site (dissolved in saline) and vehicle were 
injected by microinjection at a constant rate of 0.5 |il/min. 
Injections were performed under the control of a micro injector 
pump (Harvard Apparatus, Holliston, MA, USA). Drug doses 
were chosen based on previous studies [25,26]. For the microin- 
jections, a bilateral 26 gauge guide cannula (Plastics One, 
Roanoke, VA, USA) was implanted in mice under anesthesia 
with isoflurane, 7 days before the beginning of treatments. The 
precise localisation of the gauge guide cannula in the dorsal 
striatum was made using a stereotaxic apparatus. The coordinates 
were AP: +0.86 mm; ML: ± 1.50 mm; DV: -3.25 mm relative to 
Bregma, according to the atlas of Paxinos and Franklin [27]. 
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Figure 1. Experimental design. (A) Analysis of STEP expression 
during motor skill learning. Drug naive mice were trained on the 
accelerating rotarod and sacrificed immediately after the end of the last 
trial at each day of training (day 1, 2, 3 and 4). Levels of total and 
phosphorylated STEP proteins in selected brain regions were analyzed 
by western blot techniques. (B) Role of PKA in motor learning. A guide 
cannula was implanted into the dorsal striatum of mice 7 days before 
rotarod training. Rp-cAMPS or vehicle were injected directly into the 
dorsal striatum of mice before the first trial at each rotarod training day 
(day 1, 2, 3 and 4). At the fourth day of training, mice were also tested 
for their motor abilities. Another cohort of mice received Rp-cAMPS or 
vehicle before the first trial at each rotarod training day. Mice were 
sacrificed at the second training day to performed western blot 
experiments. (C) Role of PKA activity in the motor coordination 
requested during rotarod testing. A guide cannula was implanted into 
the dorsal striatum of mice 7 days before rotarod training. Mice were 
trained during four consecutive days and Rp-cAMPS or vehicle was 
injected before the first trial at the fifth training day. 
doi:10.1371/journal.pone.0086988.g001 

Rotarod Test 

The accelerating rotarod apparatus (AccuScan Instruments, 
Columbus, OH, USA) was consisting of a suspended rod that 
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accelerates at a constant rate, from 4 to 40 rpm in 300 s. At each 
day of training, mice were trained on the rotarod throughout a 
session of 10 trials. A trial ends when the mouse falls off the rod or 
after reaching 300 s. Time was recorded for each trial. A resting 
time of 180 s was allowed between each trial. 

Motor Ability Tests 

General motor behaviour of mice was evaluated using the wire 
suspension, pole and stepping tests as we described previously 
[28,29]. At the fourth day of rotarod training, animals were pre- 
trained three times to ensure the tasks were fully learned. 
Afterward, Rp-cAMPS or vehicle solutions were injected. 
15 min later, motor and rotarod tests were performed 
(Figure IB). Briefly, the wire suspension test consisted to hang 
the animal with its paws on the middle of a wire fixed horizontally 
between two platforms (length: 80 cm, height: 25 cm). The time 
needed to reach one platform was recorded. For the pole test, mice 
were placed on the top of a pole (length: 50 cm, diameter: 1.5 cm), 
and the time taken to turn down and reach the floor was recorded. 
The maximal time allowed for the wire suspension and pole test 
was set at 120 s. The stepping test consists to lift up the animafs 
hind legs by pulling up the tail, leaving only the forepaws on the 
table. Then, the experimenter pulled the animal backward by the 
tail ( 1 m in 5-6 s), until the other edge of the table was reached. 
Each trial was recorded using a video camera, and for each the 
number of adjusting steps for both forepaws was calculated. 

Western Blotting 

Immediately after each day of training, brains of drug naive 
mice were removed and anterior cortex, striatum and hippocam- 
pus were carefully dissected, rapidly frozen on dried ice and 
preserved at — 80°C until protein extraction. To measure STEP 
expression after Rp-cAMPS injection, a micro punch tissue was 
performed in both hemispheres of the striatum at the injection site 
[30]. To this end, a 1 mm thick slice of frozen brain containing the 
striatum (Bregma from 1.10 mm to 0.10 mm) was cut using Leica 
CM3050 cryostat (Leica Biosystems, Concord, ON, Canada). 
Bilateral punches were then collected from the dorsal striatum 
using a 2 mm punch (Stoelting, Wood Dale, IL, USA). All tissue 
samples were homogenized in RIPA buffer containing protease 
and phosphatase inhibitors cocktails (Roche, Indianapolis, IN, 
USA). Protein concentrations were quantified by Bradford assay 
(Bio-Rad, Hercules, CA, USA). 40 |Ig of every protein sample was 
loaded on 10% SDS-PAGE gel electrophoresis and transferred on 
nitrocellulose membranes. The membranes were blocked in 5% 
BSA/TBS-Tween 0. 1 % for 1 hour at room temperature and 
incubated overnight at 4°C with the primary antibodies. The 
following primary antibodies were used: rabbit polyclonal 
antibody against phospho-STEP61 (Ser221) (1:1000; Millipore, 
Billerica, MA, USA), mouse monoclonal antibody against STEP 
(1:2000; Upstate-Millipore), rabbit polyclonal antibody against 
phospho-CREB Serl33 (1:1000; Cell Signaling Technology, 
Beverly, MA, USA) and rabbit polyclonal antibody against CREB 
(1:1000; Cell Signaling). Specificity of phospho-STEP and STEP 
antibodies was examined (Figure SI A, B). The membranes were 
washed in TBS-Tween 0. 1 % and incubated with appropriate 
horseradish peroxidise conjugated secondary antibody (1:5000; 
Cell Signaling Technology, Beverly, MA, USA). Mouse monoclo- 
nal antibody against GAPDH (1:10000; Abeam, Cambridge, MA, 
USA) served as a loading control. Chemiluminescence reactions 
(SuperSignal West Femto chemiluminescence kit, Pierce Chemical 
Co., Rockford, IL, USA) were utilized to visualize proteins. 
Densitometric analyses were performed using the Vision work LS 



software (UVP Bioimaging, Upland, CA, USA) and data were 
expressed as relative optical density. 

Statistical Analysis 

Statistical analyses were performed using the GraphPad Prism 
software (version 5.0, Graph Pad Software, San Diego, CA, USA). 
Data were subjected, as appropriate, to an unpaired t-test, one- 
way ANOVA followed by the Tukey post hoc test. Data were 
reported as the mean ± S.E.M. Statistical significance was set at 
/><0.05. 

Results 

Modulation of STEP61 Phosphorylation during Rotarod 
Training 

As we and other have previously documented, drug naive mice 
rapidly improved their performances on the rotarod task at the 
first day of training whereas at the second day, their scores 
improved slowly and reached a plateau at the third day 
(Figure 2A) [6], In these trained mice, we investigated whether 
motor skill learning influenced STEP phosphorylation at Ser221 
for STEP6 1 . To this end, levels of phosphorylated STEP6 1 at 
Ser221 were measured, using western blot technique, at each 
training day (day 1, 2, 3 and 4). The brain regions considered were 
chosen based on their known implication in motor learning as well 
as the presence of STEP expression [12]. Note that the selectivity 
of STEP antibodies were evaluated (Figure SI A). In the 
hippocampus, we observed a decrease of 37% in p-STEP61 levels 
at the first day of training compared to untrained control mice. 
(Figure 2B; F (4 . lg) = 3.689; P<0.05; one-way ANOVA followed 
by the Tukey post-hoc). In the anterior cortex, levels of p-STEP61 
were significandy increased by 54% at the third day (Figure 2C; 
-^(4;i9) = 4.597; P<0.05). In the striatum, a significant increase of 
54% in the levels of p-STEP61 were observed at second day of 
training compared to untrained control mice (Figure 2D; 
^ ( 4; i9)= 10.150; P<0.001) Notably, levels of total STEP61 protein 
were unchanged during rotarod learning. 

Striatal PKA Inhibition Impaired Rotarod Learning 

It has been demonstrated that STEP61 is phosphorylated by 
PKA at Ser221 in striatal homogenates or in striatal slices [15]. 
Our result that phosphorylation of STEP61 at Ser221 is 
augmented in the striatum during rotarod training (Figure 2C) 
suggests an increased activation of PKA in this structure. To 
investigate whether striatal PKA activity play a role in motor skill 
learning, we injected directiy into the dorsal striatum of mice a 
competitive inhibitor of PKA, Rp-cAMPS, 15 min before each 
accelerating rotarod training day. Three different doses of Rp- 
cAMPS were used: 5, 20 and 40 |0.g/side. We observed that Rp- 
cAMPS dose-dependently impaired rotarod performances across 
training days (Figure 3A). Statistical analysis using one-way 
ANOVA followed by the post hoc Tukey test was performed on 
the average of the two first trials (Figure 3B) and two last trials 
(Figure 3C) of every training session. Similar rotarod perfor- 
mances were observed in mice treated with either 5 p.g/ side of Rp- 
cAMPS or vehicle (Figure 3B, C). In contrast, mice treated with 
20 or 40 |ig/side of Rp-cAMPS demonstrated lower performances 
across training day compared to vehicle-treated mice (Figure 3B: 
day 1: F {3 . 26) = 0.358, P>0.05, day 2: F {3 . 26) = 8.283, P<0.001, day 
3: F (3;18) '= 3.991, P<0.05, day 4: ' F (3 . lB) = 3.795, P<0.05; 
Figure 3C: day 1: F (:i . 26) = 2.495, P>0.05,'day 2: P (3;2 6) = 7.882, 
P<0.001, day 3: F (3 . 18) = 10.60, P<0.001, day 4: F (3 ; 18) = 5.600, 
P<0.01). Inhibition ' of PKA with 20 Hg/side of Rp-cAMPS 
resulted in reduced performances only at the second and third 
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Figure 2. Levels of phosphorylated STEP61 in the brain of mice during motor learning. (A) Drug-naive mice were trained on the 
accelerating rotarod during 4 consecutive days and sacrificed at the end of each training day. Protein levels were evaluated by western blot. Proteins 
were extracted from selected brain regions of untrained or trained mice. Protein levels of phosphorylated STEP61 at Ser221, total STEP61 as well as 
GAPDH were measured in (B) hippocampus, (C) anterior cortex and (D) striatum. Data represent the mean of p-STEP61 relative optical density 
(expressed as a percentage of control values) ± S.E.M. Values are expressed relative to total STEP and are from triplicate experiments/animal, n = A 
mice/group. *p<0.05, **p<0.01 vs. untrained mice; § p<0.05 vs day 1; # p<0.05, ### p<0.001 vs. day 3; ± p<0.05, ±± p<0.01 vs. day 4. 
doi:1 0.1 371 /journal.pone.0086988.g002 



training days whereas the dose of 40 (Xg/ side was associated with 
robust impaired performances at day 2, 3 and 4. 



Integrity of Motor Abilities during Striatal PKA Inhibition 

To verify that the effects of PKA inhibition on rotarod 
performances are not due to impaired general motor abilities of 
mice, we performed three well recognized motor execution tests: 
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Figure 3. Effect of intrastriatal inhibition of PKA in mice during rotarod training. (A) Time spent on the rod of the accelerating rotarod for 
every trial completed at days 1, 2, 3 and 4. Mice were treated directly into the dorsal striatum, 15 min before each training day, with vehicle (saline) or 
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with 5 |ig/side. 
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the pole, wire suspension and stepping tests. The pole test 
estimated bradykinesia and motor coordination; the wire suspen- 
sion test analyzed the coordination and muscle strength of mice 
and the stepping test evaluated akinesia [31-34]. In order to 
remove the learning variables associated with these tests, mice 
were pre-trained. We tested motor capacities of mice after 
inhibition of PKA at the fourth day. No significant difference 
between vehicle-treated mice and mice treated with 5 or 20 |ig/ 
side of Rp-cAMPS was observed on these three tests (Figure 4A- 
C; ANOVA). Interestingly, motor capacity of mice treated with 
40 (Xg/side was impaired in all tests (pole test: F( 3;18 ) = 3.944, 
P<0.05, wire suspension test: Ff 3; ify = 5.574, P<0.01, stepping 
test: -F(3;i8) — 4. 174, P<0.05). Moreover, we investigated directly 
the effect of PKA inhibition on rotarod motor coordination. To 
this end, drug naive mice were trained on the accelerating rotarod 
during 4 consecutive days. At the fifth training day, we injected 20 
or 40 |J.g/side of Rp-cAMPS in the dorsal striatum and observed 
that PKA inhibition at both doses had no statistically significant 
effect on rotarod performances (Figure 4D, ANOVA; day 5: 
F (2 . n) = 0.658; P>0.05). 

PKA Activity Altered Striatal STEP61 Phosphorylation 

Next, we investigated whether STEP6 1 phosphorylation in the 
striatum of trained mice is PKA dependant. An independent 
cohort of mice was trained on the accelerating rotarod and 
received 20 \Xg/ side of Rp-cAMPS, 1 5 minutes prior the first trial 
of each training day. Since we noticed an increase in striatal p- 
STEP6 1 level at the second day of learning, mice were sacrificed 
at the end of the last trial of day 2. Levels of p-STEP61 in the 
dorsal striatum were measured using the western blot technique. 
We demonstrated that intrastriatal PKA inhibition decreased by 
30% the levels of p-STEP61 when compared to vehicle-treated 



mice (Figure 5A, Unpaired t test, P<0.001). Moreover, inhibition 
of PKA was confirmed by quantification of the phosphorylation of 
a known substrate of PKA, the transcription factor cAMP response 
element-binding protein (CREB), at Serine 133 [35]. Intrastriatal 
inhibition of PKA decreased by 35% the levels of p-CREB 
(Figure 5B, Unpaired t test, P<0.001). 

Discussion 

In this present study, we have investigated whether the activity 
of 6 1 kDa STEP isoform is modulated in the brain of mice that are 
learning a complex motor task, and whether PKA play a role in 
these processes. To assess the learning of a complex motor skill, we 
select the accelerating rotarod test, among many other tasks such 
as chaining of motor sequences, visuomotor skill acquisition, 
instrumental lever-pushing and serial reaction-time tests. The 
benefit of this test, in contrast to the other tasks, is its association 
with clear dependent-adaptive responses memory. This test can be 
arbitrary divided into two stages in parallel to the general pattern 
of memory encoding that include: an early, fast learning stage, in 
which larger improvement of performance can be observe within a 
single training session (day 1) and a later, slow learning stage, in 
which incremental gains in performance can be observed across 
several sessions (day 2, 3 and 4). Moreover, it allows the 
investigation of motor skill learning in the absence of the 
associative and working memory components of other motor 
learning tasks. Motor abilities are distinguished from motor 
learning by assessing general motor capacities through the 
stepping, wire suspension, and pole tests. 

Our findings propose that the learning processes associated with 
rotarod learning involve STEP6 1 activity. We demonstrate that at 
an early phase of learning, at the end of the first training day, levels 
of phosphorylated STEP61 are decreased in the hippocampus of 
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n = 4 mice/group. 

doi:1 0.1 371 /journal.pone.0086988.g004 



trained mice, whereas they are comparable to untrained mice 
during later phases, after the second, third and fourth day of 
training. In the hippocampus, previous studies demonstrate that 
STEP deletion facilitated hippocampal-dependent learning [23]. 
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Figure 5. Levels of phosphorylated STEP61 and CREB in mice 
with intrastriatal inhibition of PKA. (A) Levels of phosphorylated 
STEP61 at Ser221 and (B) phosphorylated CREB at Ser133 were 
evaluated in the dorsal striatum of trained mice injected with vehicle 
(saline) or Rp-cAMPS at the second day of training. Data represent the 
mean of relative optical density of phosphorylated STEP61 and 
phosphorylated CREB (expressed as a percentage of control values) ± 
S.E.M. Values are respectively expressed relative to total STEP and total 
CREB. Values are from triplicate experiments/animal, n = 4 mice/group. 
***p<0.001 vs. vehicle-treated mice. 
doi:1 0.1 371 /journal.pone.0086988.g005 



Our data are therefore in contradiction with this study based on 
the current proposed molecular model that STEP activation acts 
as a tonic brake on synaptic transmission. Our observation of 
decreased levels of phosphorylated STEP would be associated with 
enhanced STEP activity, and therefore a reduction in the synaptic 
strength. One possibility is that STEP is behaving as an auto- 
regulator on this first day of training, to turn down and 
compensates the enhanced activity of proteins implicated in 
synaptic reorganisation processes. This may explain why these 
phosphorylation levels return to baseline levels in the following 
sessions (day 2, 3 and 4). We have indeed previously observed that 
markers of adaptive response to synaptic activation for newly 
learned events are activated in the hippocampus after the first day 
of learning, and return to basal levels in the following days of 
learning [6] . This finding indicates that the hippocampus might be 
engaged in the early learning phase. In contrast, in the anterior 
cortex and striatum, an increase in the levels of phosphorylated 
STEP is observed during later phases of motor skill training. We 
indeed noticed a punctual surge in STEP phosphorylation at the 
second day in the striatum and at the third day in the anterior 
cortex. The second and third day of our rotarod training 
paradigms are reflecting the later phases of learning. The anterior 
cortex and striatum seems to be engaged in these periods 
specifically and this is in agreement with previous studies. It has 
been documented that both structures are further engaged when 
the range of gain of performance is much lower [2,6,36]. 
Altogether, our data demonstrated that STEP activity during 
motor skill learning is neuroanatomically defined and depends of 
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the learning phases. Further experiments are definitively needed to 
understand this regional brain specificity of STEP activity during 
motor skill learning. However, although STEP has been linked 
previously to certain learning behaviours [22-24], to our 
knowledge, we are the first to report a brain differential 
modulation of STEP activity during motor skill learning. 

Levels of phosphorylated STEP61 are modulated during 
rotarod learning at the Ser221 residue. STEP61 is known to be 
phosphorylated at this serine residue in vitro, in brain slices and 
striatal homogenates, by PKA activity [15]. Our data confirms 
in vivo, for the first time, a direct relationship between PKA 
activation and phosphorylation of STEP Ser221 residue. We 
indeed demonstrate that inhibition of PKA into the dorsal striatum 
of mice decreases phosphorylation levels of STEP61 at Ser221. 
Interestingly, PKA inhibition also reduces the phosphorylation 
levels of CREB, suggesting that PKA mediates genes activation 
during learning. This finding is in accord with our previous study 
demonstrating that motor learning induces genes expression [7]. 
The current proposed molecular model is that STEP activation 
acts as a tonic brake on synaptic transmission, which is associated 
with a decline in memory function [37-39]. Dephosphorylation of 
STEP increases its activity that will, in turn, inactivates key 
signaling molecules reinforcing synaptic plasticity, such as 
extracellular signal-regulated kinase 1/2 (ERK1/2) or NR2B 
subunit of jV-methyl- D -aspartate receptors (NMDARs) [23,40,41]. 
In accord with this contention, STEP inhibition in CA1 
hippocampal neurons enhanced transmission and occluded LTP 
induction [42] . Genetic deletion of STEP in mice enhanced spatial 
memory and fear conditioning consolidation [22—24]. Our data 
demonstrate that during motor learning, phosphorylation of 
STEP61 in the striatum is PKA dependant. According to these 
previous evidences, this finding is crucial to the rotarod learning 
and further demonstrates the importance of sustained inactivation 
of STEP during the learning of a complex motor skill. 

We demonstrate that direct striatal infusion of a PKA inhibitor 
alters the acquisition of rotarod motor task. At high dose of Rp- 
cAMPS (40 |Ig/ side), inhibition of PKA impairs considerably mice 
performances on the rotarod task. Our additional experiments 
looking at mice motor abilities suggest that this dose produces 
severe motor control deficits including bradykinesia, motor 
coordination troubles and akinesia, which are not observed at 
lower doses. Interestingly, however, when the rotarod task is fully 
learned, inhibition of PKA with 40 |Ig/side of Rp-cAMPS did not 
decreased rotarod performances. Once this particular task is 
learned, movements became automatically performed. This data 
suggest that PKA is not engage when movement is performed 
spontaneously, probably because these automatized movements 
do not require excessive skills or motor control. In mice lacking the 
RII(3 subunit of PKA, performances on the accelerating rotarod 
are slightly improved over two training days; but knockout mice 
never accomplish the same performances as wild type mice [43]. 
Even at a less challenging rate of acceleration, rotarod perfor- 
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